IMPORTANCE Gamification, the application of game design elements such as points and levels in nongame contexts, is often used in digital health interventions, but evidence on its effectiveness is limited.
M ore than half of the adults in the United States do not obtain enough physical activity and are at higher risk for cardiovascular disease. [1] [2] [3] Gamification, the application of game design elements such as points and levels in nongame contexts, is increasingly being used in digital health interventions to promote changes in health behaviors, such as physical activity. [4] [5] [6] [7] Whereas interest in these approaches is growing, evidence on their effectiveness is limited, and most applications have not appropriately leveraged principles from theories of health behavior. [8] [9] [10] The rapidly expanding availability of mobile technologies such as wearable devices and smartphones provides a platform to monitor daily health behaviors and to deploy interventions on a broader scale. 11 By incorporating insights from behavioral economics, approaches could be designed to anticipate predictable barriers to behavior change. [12] [13] [14] [15] Social incentives, or the influences that motivate individuals to adjust their behaviors based on social ties or connections, are ubiquitous and could be leveraged within gamification interventions to provide a scalable, low-cost approach to increase engagement. 16 Evidence indicates that individual health behaviors are influenced by social networks, [16] [17] [18] [19] but more rigorous and prospective evaluations in community settings are lacking.
Our objective was to conduct a randomized clinical trial to test the effectiveness of a gamification intervention that used insights from behavioral economics to enhance social incentives, such as collaboration, accountability, and peer support, to increase physical activity. To test this intervention among family networks in the community, we conducted the first clinical trial among adults enrolled in the Framingham Heart Study, a long-standing cohort of families.
Methods

Study Design
The Behavioral Economics Framingham Incentive Trial (BE FIT) was a randomized clinical trial conducted between December 7, 2015 , and August 14, 2016, consisting of a 2-week run-in period, a 12-week intervention period, and a 12-week follow-up period. The investigation was a community-based study among families in the Framingham Heart Cohort. The trial protocol is available in Supplement 1 and was approved by the institutional review boards at the University of Pennsylvania and Boston University Medical Center.
The study was conducted using Way to Health, a research platform at the University of Pennsylvania used previously for physical activity interventions. [13] [14] [15] 20 Participants accessed the study website to create an account, provide online informed consent, and complete baseline eligibility surveys. Eligible participants either downloaded a smartphone application (Moves; ProtoGeo Oy or Fitbit; Fitbit, Inc) or were mailed a wrist-worn wearable device (Fitbit Flex; Fitbit, Inc) to track step counts, and they authorized access for their data to be captured for the study. Prior work has demonstrated that these devices accurately track step counts. 21 
Participants
Recruitment occurred from September 23, 2015, to February 26, 2016, using email and telephone calls. Adults already enrolled in the Framingham Heart Study were eligible to participate if they were 18 years or older, had an active email address, had access to either a smartphone or computer compatible with one of the activity tracking devices, and had at least one other family member enrolled in the Framingham Heart Study who was also eligible to participate with them. Participants were excluded if they were already participating in a physical activity study, had been told not to exercise by a physician, were currently pregnant, or had at least one fall with significant injury in the past year or if there was any other reason why participation was unsafe or infeasible. Forty-six individuals who wanted to participate did not have a family member also interested in participating. We obtained institutional review board approval to allow these individuals to participate in a singleton arm that was similar to the control arm. This was conducted outside of the main trial; therefore, their outcomes data were not analyzed. Characteristics of these participants are listed in eTable 1 in Supplement 2. Participants who received a wearable device were allowed to keep it; no other financial compensation was offered.
Baseline Step Count
Before randomization, participants were told to spend a few weeks getting accustomed to their device. During this run-in period, we estimated a baseline step count using the second week of data. The first week of data was ignored to diminish the potential upward bias of the estimate from higher activity during initial device use. To prevent potential downward bias, we ignored any daily values less than 1000 steps because evidence indicates that these values are unlikely to represent capture of actual activity. [22] [23] [24] If less than 4 days of data were available during the second week (n = 9), the participant was contacted to inquire about any issues, and the run-in period was extended until 4 days of data were captured. Nine participants who began with the Moves smartphone application switched to Fitbit (4 to the smartphone application and 5 to the wearable device). These participants had their baseline step count estimated using only data from the new device.
Key Points
Question Does gamification, the application of game design elements such as points and levels in nongame contexts, that uses insights from behavioral economics to enhance social incentives increase physical activity among families in the community?
Findings In this randomized clinical trial of 200 adults comprising 94 families, participants in the gamification arm had significantly greater physical activity during the 12-week intervention than participants in the control arm, including the proportion of days that step goals were achieved and the change in the mean daily steps.
Meaning Gamification designed to leverage insights from behavioral economics to enhance social incentives could offer a promising approach to improve daily health behaviors.
Randomization and Goal Selection
Families composed of 2 or 3 members were randomly assigned to a study arm. A computerized random number generator was used with block sizes of 2 families stratified on family size. After randomization but before participants learned of study arm assignment, each participant was informed of his or her baseline step count and was asked to select a step goal increase of 33%, 40%, or 50% or any goal at least 1000 steps greater than baseline. After all family members selected a step goal increase, the family was informed of study arm instructions. All investigators, statisticians, and data analysts were masked to study arm assignments until the study and analysis were completed.
Interventions
All participants selected whether to receive study communications by text message, email, or both. During the entire 24-week study, all participants (including those in the control arm) received daily feedback on whether or not they had achieved their step goal on the prior day. Participants in the control arm received no other intervention.
Participants in the gamification arm were entered into a game with their family for 12 weeks that was designed using insights from behavioral economics to address predictable barriers to behavior change and to enhance social incentives. 11 First, participants electronically signed a commitment pledge to try their best to achieve their step goal. Precommitment has been demonstrated to motivate behavior change. 25, 26 Second, every Monday, the family was endowed with 70 points (10 for each day of the upcoming week). Each day, the family was informed of the one member who was selected at random to represent their team. If that member achieved his or her step goal on the prior day, the family kept its points; otherwise, 10 points were lost. This design leveraged the following 3 important psychological principles: individuals tend to be more motivated by losses than gains, 13 behavior is often better sustained by variable than constant reinforcement, 27 and individuals tend to be more motivated for aspirational behavior around temporal landmarks, such as the beginning of the week (the fresh start effect). 28 Third, each individual had 5 lifelines to use on days when they were sick or activity was infeasible. This element allowed for some forgiveness and enabled individuals to seek help from a family member. Fourth, if the family had 50 points or more at the end of the week, they advanced up a level (bronze, silver, gold, and platinum). If not, the family dropped a level. This design creates achievable goal gradients (the notion that the next highest level was attainable), a sense of social status, progression through the game, and longer-term loss aversion for families that reached higher levels. Families began at bronze and were informed of their new level on Monday. Families were not told how other families were doing. Fifth, families were informed that if they finished the intervention period at the gold or platinum level they each would receive a coffee mug with the study logo as a reward (eFigure in Supplement 2).
Outcome Measures
The primary outcome was the proportion of participant-days that step goals were achieved during the 12-week intervention period. Secondary outcomes included the proportion of participant-days that step goals were achieved during the 12-week follow-up period and the change in the mean daily steps from baseline during the intervention and follow-up periods.
Statistical Analysis
A priori, we estimated that a sample of at least 170 participants (85 per study arm) would ensure 80% power to detect a 0.15 difference in the proportion of participant-days that step goals were achieved between study arms, with a 2-sided α level of .05 and accounting for clustering at the level of the family. This calculation was based on previous studies [13] [14] [15] and assumed a standard deviation of 0.30, an intracluster correlation coefficient between family members of 0.24, and an 8% dropout rate. After randomization, 6 participants were deemed ineligible and were not started in any intervention. One participant assigned to the control arm lost interest; therefore, the family member no longer had a group in which to participate. Two participants assigned to the gamification arm did not select a goal or receive study arm assignment; thus, their 2 family members also no longer had a group with which to participate. All other randomly assigned participants who received an intervention (n = 200) were included in the modified intentto-treat analysis.
For each participant on each day of the study (participantday level), the number of steps achieved was obtained as a continuous variable, and this number was used to estimate the mean daily steps. These data were dichotomized at the participant-day level to create a binary variable indicating whether or not each participant achieved his or her step goal, and this variable was used to estimate the proportion of participantdays that step goals were achieved.
Data could be missing for any day if a participant did not use the activity tracking device or did not upload data. For the main analysis, we used multiple imputation (using the mice package in the R Project for Statistical Computing) for data that were missing and step values less than 1000. Evidence indicates that step values less than 1000 may not represent accurate data capture, 22-25 and our group has accounted for these values as missing data in prior work. [13] [14] [15] Five imputations were conducted using the following predictors of missing data: baseline step count, study arm, calendar month fixed effects, week in the study, and a binary variable indicating the weekday or weekend. Results were combined using standard rules by Rubin. 29 Secondary analyses were conducted using collected data without multiple imputation, both with and without step values less than 1000. Unadjusted analyses estimated the proportion of participant-days that step goals were achieved and the change in the mean daily steps from baseline by study arm for the intervention and follow-up periods and for each week. In adjusted analyses, models were fit with generalized estimating equations (using the geeglm function in the R Project for Statistical Computing) with an exchangeable correlation structure to account for the correlation within a family cluster and among a participant's repeated observations. 30 The bootstrap method, resampling participants within each arm 150 times, was used to estimate 95% CIs and P values. 31, 32 The prespecified main model also adjusted for baseline steps and calendar month fixed effects. As a sensitivity analysis, the main model was estimated by also adjusting for the tracking device (wearable device or smartphone) of participant activity. Hypothesis tests were 2 sided using a significance level of .05. Analyses were conducted using R, version 3.2.3; R Project for Statistical Computing. A data and safety monitoring board met before the start of the study and after the intervention and follow-up periods were completed.
Results
Among 1212 adults invited to participate, 307 were assessed for eligibility. Two hundred adults comprising 94 families were randomized and received an intervention ( Figure 1) . The mean age of participants was 55.4 years, and 56.0% (n = 112) were female ( Table 1) . Other participant characteristics were similar between study arms. The mean (SD) numbers of participant baseline daily steps were 7662 (3378) in the control arm and 7244 (3368) in the gamification arm, which were not significantly different (P = .41). The percentage increase in participant step goals from baseline was not significantly different between study arms (P = .74), with a mean (SD) of 2722 (1740) steps in the control arm and 2340 (1153) steps in the gamification arm. Almost 40% (79 of 200) of participants selected a custom step goal, and on average these goals were a 49.5% increase from baseline. Family structure and device use among study participants are available, as well as characteristics of individuals who did not enroll (eTables 2, 3, and 4 in Supplement 2).
Ninety-seven percent (194 of 200) of participants completed the entire 24-week study. During the intervention period, step data that were missing or had values less than 1000 steps per day represented 12.7% (1090 of 8568 participantdays) of observations in the control arm and 10.1% (835 of 8232 participant-days) of observations in the gamification arm. During the follow-up period, these percentages increased to 37.0% (3166 of 8568) and 42.1% (3462 of 8232), respectively (eTable 5inSupplement 2).
The mean (SD) unadjusted proportions of participantdays that step goals were achieved during the intervention period were 0.32 (0.24) in the control arm and 0.53 (0.29) in the gamification arm ( Table 2 ). The proportion achieving step goals remained constant throughout the intervention period for both study arms but declined for the gamification arm during the follow-up period ( Figure 2 The unadjusted mean (SD) steps per day during the intervention period were 8298 (3836) in the control arm and 8905 (3382) in the gamification arm (Table 2 ). In the control arm, the change in daily steps from baseline was near 1000 in week 1, declined to less than 400 by week 5, and then increased to near 800 by week 12 ( Figure 3 ). In the gamification arm, the change in daily steps from baseline began near 1550 in week 1 and ranged between 1400 and 1900 during the rest of the intervention period. The unadjusted mean (SD) steps per day during the follow-up period were 8460 (3186) in the control arm and 8629 (2783) in the gamification arm.
In the main adjusted model (Table 2) , the gamification arm achieved step goals on a significantly greater proportion of participant-days than the control arm during the intervention period (adjusted difference, 0.27; 95% CI, 0.20-0.33; P < .001) and during the follow-up period (adjusted difference, 0.12; 95% CI, 0.05-0.19; P < .001). The gamification arm also had a significantly greater change in the mean daily steps than the control arm during the intervention period (adjusted difference, 953; 95% CI, 505-1401; P < .001) and during the follow-up period (adjusted difference, 494; 95% CI, 170-818; P = .003). Sensitivity analyses that adjusted for the tracking device of participant activity demonstrated similar results (Table 2) , as did secondary analyses using only collected data (eTable 6 and eTable 7 in Supplement 2).
One participant in the control arm died for reasons deemed by the institutional review boards and data and safety monitoring board as unrelated to the study. No other major adverse events were reported (eTable 8 in Supplement 2). Most participants in both study arms had positive perceptions about their experiences in the study, and many stated that they would continue to use their activity tracking devices after the study concluded (eTable 9 in Supplement 2).
Discussion
In this trial, we found that gamification designed using insights from behavioral economics to enhance social incentives within families significantly increased physical activity during the 12-week intervention. The mean increase from baseline among participants in the gamification arm was approximately 1700 steps, which is almost an additional 1 mile per day. 33 During the 12-week follow-up period, physical activity levels among participants in the gamification arm declined over time but overall remained significantly greater than those in the control arm. These findings demonstrate the potential for leveraging incentives within social networks to change health behaviors. The use of wearable devices and smartphones may offer a scalable approach to deliver these types of interventions on a broader scale. Because this intervention offered only trivial material reward (a coffee mug), it could be deployed more widely at low cost. The results of this trial expand our understanding of using gamification and social incentives to change health behaviors and reveal important implications for the design of future interventions. First, an important element of our study was the use of principles from behavioral economics within the gamification design to address predictable barriers to behavior change. [13] [14] [15] [25] [26] [27] [28] While gamification is used widely across various industries, evidence on its effectiveness is inconsistent, [8] [9] [10] 34 and most study designs have not appropriately incorporated theories from health behavior. [8] [9] [10] Our findings indicate that these approaches could be more effective if designed to leverage insights from behavioral economics. domized trials testing various forms of social feedback and found associated increases in gym attendance and selfreported exercise. However, these studies were conducted among graduate students, and financial incentives were also offered, making the effect of social incentives more challenging to isolate and apply to the general community. In addition, Zhang and colleagues tested interventions among groups of anonymous individuals. The use of family networks is a strength of our study design because these relationships are widespread and long-standing. Third, approaches using financial incentives have raised concern regarding their potential to create effects that do not persist over time. A study by Finkelstein and colleagues 37 randomly assigned 800 adults to control, activity monitoring, cash incentives, or charity incentives. Over 6 months, the 2 incentive groups had greater physical activity than the controls. However, these effects and the use of the activity tracking device declined during the 6 months after incentives ceased. In our study using social incentives, 97.0% (194 of 200) of participants completed the 12-week intervention, and none dropped out during the 12-week follow-up period. Overall during the follow-up period, physical activity levels remained significantly greater in the gamification arm. However, activity levels in the gamification arm declined in the follow-up period, more quickly after week 20. Future studies could evaluate ways to increase longer-term sustainability, such as testing different forms of social incentives (eg, competition or support) and the interaction of social incentive-based approaches with other intervention designs such as financial incentives or social comparisons.
Limitations
Our study is subject to some limitations. First, participants were members of the Framingham Heart Study, had European ancestry, and needed either a smartphone or a computer, 38 which may limit generalizability. While more physical activity is associated with greater health benefits for all individuals, 39 future studies should evaluate the approaches tested in the pres- Abbreviation: NA, not applicable.
a All data presented represent the main analysis using multiple imputation for missing data and step values less than 1000.
b Adjusted for baseline step count, repeated measures, calendar month fixed effects, and team random effect.
c Adjusted for baseline step count, repeated measures, calendar month fixed effects, team random effect, and step tracking device.
d Adjusted for baseline. The gamification arm is compared with the control arm during the specified periods. The 95% CIs were obtained using the bootstrap method. ent study among samples that are more diverse, sedentary, and high risk. Second, while enrollment rates were significantly higher than those of previous similar studies, [13] [14] [15] future interventions will need to identify how to engage an even broader population. Third, we evaluated physical activity using step counts and did not have data on other measures of physical activity, device wear time, or other health outcomes.
Step counts are most commonly displayed by wearable devices and have been successfully used in interventions to improve clinical outcomes across different populations. 33 However, a systematic review 40 of studies among individuals with type 2 diabetes found that improvements in physical activity, including steps and minutes of activity, did not influence clinical outcomes. Future studies could evaluate both changes in step counts and other clinical outcomes over longer periods. Fourth, while effects were sustained during follow-up overall, activity in the gamification arm declined after week 20, and further evaluations are needed to determine longer-term sustainability. Fifth, we did not test the effect of the intervention in nonfamily networks.
Conclusions
Compared with a control group of families in the community, a social incentive-based gamification intervention among families was effective at increasing physical activity. Our findings suggest that gamification may offer a promising approach to change health behaviors if designed using insights from behavioral economics to enhance social incentives. Gamification is defined in the Oxford English Dictionary as "The application of typical elements of game playing (e.g. point scoring, competition with others, rule of play) to other areas of activity, typically as an online marketing technique to encourage engagement with a product or service." 1 Increasingly, as highlighted in the new study by Patel and colleagues, 2 it is being used in medicine and public health to motivate behavior change. The appeal of gamification is that it "promises to make the hard stuff in life fun."
1 Clinicians sometimes come across as badgering their patients to behave in healthier ways. Injunctions to exercise regularly, eat a healthy diet, and shed weight tend to be viewed by many patients as an obligation, a chore, or a duty. In this context, reframing the same behaviors as fun and challenging might be more motivating. That is, we might boost success by turning a behavior (eg, daily exercise) into a game. It is reverse engineering the process by which Pokémon Go accidentally ended up becoming the best exercise app on the market. 3 For example, most smartphones come equipped with a step counter sensor. Counting steps is a way to keep score. To "gamify" physical activity, an app developer could convert daily steps walked into points that the user can accumulate toward achieving a long-term goal, such as building a virtual zoo. Most exercise tracking apps capture additional information beyond counting steps, such as the daily number of flights climbed and the total active time. The number of stairs climbed could be converted into tokens to purchase virtual pets to populate the virtual zoo, while the daily active time could be used to buy virtual food for the pets.
Broadly speaking, games can be single player or involve multiple players. They can incorporate competition (or not). This yields a 2 × 2 menu from which to select the design of a gamified intervention (Table) . The simplest game is a solo player game without competitors (except in the sense of competing against oneself). The format does not require players to be organized into teams, and it offers maximum flexibility in terms of scheduling and goal setting. The drawback is in sustaining commitment over the long term, which can be supplied by either (1) recruiting peer support and collaboration (second row of the Table) or (2) introducing competition between players (right-hand column of the Table) .
To return to our example of the virtual zoo, the next step in gamification would be to introduce a social element, such 
Summary of Changes to the Protocol
After beginning study recruitment but before any participants were randomized or started in an intervention, a decision was made to reduce the number of arms in the trial from three to two by removing the "unconnected arm". This was due to the study timeline. This change was approved by the Institutional Review Boards (IRBs) and the Data and Safety Monitoring Board. The main protocol change was a reduction in the number of arms. No changes were made to the statistical analysis plan other than updating the power calculation for a two-arm study and removing any analysis related to the arm that was removed. Below is the letter to the IRBs describing the changes to the protocol and with updated power calculations:
-
--------------------------------------------------------------------------------------------------------------------
BE FIT IRB Amendment
November 10, 2015
Dear Members of the IRB, Thank you for considering our amendment. As requested, we have provided edits to the consent form in attachment 1. Attachment 2 is the updated WTH content and messaging. Attachment 3 is the updated invitation letter. Our updated analysis plan appears below. The revised randomization scheme can be found at the bottom of page 2.
Statistical Analysis
We will start by comparing the characteristics of those who participate in the BE-FIT trial as compared to those who did not, by using data from the most recent examination cycle attended. We will also compare the characteristics of participants using the Moves app as compared to the Fitbit within the participants who participate. Analysis of covariance and logistic regression will be used to assess for differences in the continuous and dichotomous characteristics, respectively, with adjustment for age and sex.
We will conduct an intention-to-treat analysis (all randomized participants) on the primary endpoint of proportion of participant-days achieving goal during the 12-week intervention period. Descriptive statistics (sample size, mean, standard deviation, median, quartiles, minimum and maximum) of the primary endpoint will be presented for each group.
Generalized linear mixed-models (via PROC MIXED in SAS) will be used to compare treatments on the primary endpoint using treatment as the fixed effect of interest, team as random effect, and baseline participant-mean daily steps and month fixed effects. An unstructured within-team correlation structure will be assumed. Of interest will be the comparison between the control arm and the intervention.
Data on a given day may be missing if a participant turns off his/her activity tracking device, disables the study team's permission before data is accessed, does not carry the activity tracking device at all, or prematurely withdraws from the study prior to the end of the 12-week treatment period. We will track which days each participant has missing data during the intervention and follow-up period for the two study arms. We will conduct multiple imputation using five imputations to impute missing data. All analyses will be conducted on each imputed data set and the results will be combined using Rubin's standard rules. 18 The primary analyses will be based on the multiply imputed data. Sensitivity analyses will be performed where the proportion of days achieving goal is calculated based on non-missing days.
Several sensitivity analyses will be conducted to assess the robustness of our findings. First, the model will be further adjusted using fixed effects for activity tracking device (iPhone, Android or Fitbit). Second, the model will also be evaluated using all data and coding missing data (when a step value was not received) as not achieving goal (in contrast to using only collected data)
.
Third, the models will be evaluated using only the collected data (when a step count value was received).
Similar analyses will be conducted for the proportion of participant-days in which the goal was achieved for the 12-week follow-up period and the mean daily steps in the 12-week treatment and follow-up periods. This model will use the multiple imputed data. Several sensitivity analyses will be conducted to assess the robustness of our findings on mean daily steps. First, the model will be further adjusted using fixed effects for activity tracking device. Second, the models will be evaluated using only the collected data (when a step count value was received. Third, because evidence suggests that most step count values less than 1000 are unlikely to represent accurate data capture, we will conduct a sensitivity analysis and exclude those with values less than 1000 excluded from the sample. All analyses will be repeated for the follow-up period of the study. All analyses will be conducted using SAS (SAS Institute, Cary, North Carolina).
Our modified power calculations for enrolling participants in two-person teams are as follows.
We estimate that a sample of 86 pairs (172 individuals overall) will ensure 80% power to detect a 0.15 difference in the proportion of participant-days achieving goal between the two groups, accounting for an 8% drop-out rate, a standard deviation in the outcome of 0.30, and an intracluster correlation coefficient of 0.24. Randomization will occur using block sizes of two teams.
Safety outcomes will be evaluated at the end of the 12-week intervention period and the end of the 12-week follow-up period. Our DSMB will review blinded safety data stratified by study arm after the first 50, 100, and 172 participants have completed the first 12-weeks of the trial. We will compare rates of safety outcomes across all 3 trial arms in a blinded fashion using chisquare and t-tests. We will also compare drop-out rates and PA tracking device compliance.
Original Study Protocol
Behavioral Economics Framingham Incentive Trial:
A Randomized, Controlled Trial July 1, 2015 Background:
Physical inactivity is associated with cardiovascular disease (CVD) risk factors, including obesity, 1 diabetes, 1 dyslipidemia, 2 and hypertension, 3 and an increased risk for CVD 4 and death. 5 In the Framingham Heart Study (FHS) Third Generation (Gen 3) and multiethnic Omni 2 cohort participants, objectively measured accelerometry physical activity (PA) data showed that moderate to vigorous PA was associated with healthier CVD risk factor profiles. 6 Despite the health benefits of engaging in PA, only about half of FHS participants are achieving U.S. recommended aerobic PA guidelines, 7 consistent with the low rates observed in adults nationally. 6 Experts estimate that increasing PA by only 10% would annually save ½ million lives worldwide. 8 There has been a lot of interest in using "social" or team-based designs to increase PA. Prior evaluations of the FHS found that rates of smoking and obesity were associated with social connectedness within social networks. 9, 10 Evidence from other industries has found that interventions using social comparisons feedback to change electricity use were effective, but only if paired with appropriate social approval or disapproval.
11 PA interventions could leverage such social incentives to design interventions that increase peer support, accountability, and unity towards a common goal. 12 In five pilot studies conducted in 2014 at the University of Pennsylvania, we have found that different incentive and feedback designs resulted in differential effectiveness. Our data support the notion that careful testing of alternative social incentive combinations are important to conduct before deciding which intervention to scale more broadly.
The rapidly expanding availability of mobile technologies provides a resource effective way to implement social incentive interventions to improve health. Many types of health devices (e.g. glucometers, pedometers) provide individual feedback on performance (e.g. blood sugar or step count). With wireless devices it is technologically feasible to provide relative feedback at periodic intervals. However, utilizing mobile health (mHealth) devices is rarely done and could represent a significant opportunity to improve health behavior at low cost. 12 For our study, we will leverage the University of Pennsylvania's NIH-funded Way to Health infrastructure. The platform incorporates automated inputs from wireless devices to capture behavior and deliver automated feedback to participants. While conducting the 5 pilot studies noted above, we found that most smartphones and wearable devices were accurate for tracking physical activity data. 13 We are conducting a pilot study and leveraging information acquired through our Digital Connectedness Survey to test the deployment of a social incentive intervention using the FHS Offspring, Generation 3, and Omni cohorts to increase PA. We will leverage the strength of FHS by recruiting trios and nuclear families to test whether social connectedness increases PA. We will utilize a randomized controlled trial design. We will test a social incentive intervention strategy using a team-based design in which participants work together to jointly achieve their PA goals, and a social connectedness intervention with teams comprised of connected individuals vs. teams in which individuals are randomly selected. The primary outcome of the intervention pilot study will be the proportion of individual participant-days that the goal is achieved over a 12-week intervention period. Individuals find PA maintenance challenging 14 and PA sustainability has not been studied systematically. 15 As a secondary aim of the intervention study, we will examine PA goal achievement durability for 12 weeks after the intervention ends. 
Aim 4.
To evaluate the relative effectiveness of a team-based social incentive intervention to achieve PA goals among connected individuals on a team compared to the same teambased social incentive intervention among unconnected individuals on a team for achieving PA goals.
H5: A team-based social incentive intervention comprised of connected individuals on a team is more effective for achieving PA goals than a team-based social incentive intervention among unconnected individuals on a team.
Secondary Aim. To evaluate whether differences in achieving PA goals between study arms during the 12-week intervention are sustained during the 12-week follow-up period. H6: PA levels in the 12-week follow-up will decline for all arms but remain different in a similar fashion to that during the intervention period.
Our study has the potential to address the major public health problem of sedentary lifestyle, with its consequent increased risks of obesity and CVD risk factor progression. We bring together a multi-disciplinary team with expertise in PA, CVD epidemiology, biostatistics, and behavioral economics. We propose an innovative linking of a classical randomized clinical trial (RCT) design with the many strengths of the epidemiological FHS. Our pilot RCT will examine the effectiveness of different approaches to leveraging social incentives to improve health behaviors, an area with considerable promise for increasing the effectiveness of a variety of health interventions. Ultimately our goal is to leverage our pilot study to implement a larger study in the FHS. We also anticipate ultimately linking these results with the extant FHS genetics databases.
Study Design
Study Sample
FHS study members from any of the existing cohorts (Offspring, Gen 3, Omni groups 1 and 2) with an active email address who participated in the FHS Digital Connectedness Survey will be invited to participate. We will target participants with smartphones to identify unrelated and related individuals (related individuals defined as trios [parent, 2 adult children; 3 adult children; spousal pairs plus ≥1 child] who are willing to participate in our pilot. We will also recruit those without a smartphone who have an email address and are willing to use a Fitbit to track their PA.
In order to facilitate randomization of similar individuals to each of the three arms, all participants will be asked to name up to 6 members of their family and 6 friends who are also FHS participants that could join them if they were randomized to a team arm. Participants will also be given the opportunity to indicate 1 FHS family member and 1 FHS friend who they would not want to be paired with if randomized to a team. We defined an individual as "connected" to another if they are related or identified that person as a friend. Our primary goal will be to use connected individuals that are related. To facilitate this goal we will preferentially target large FHS families to participate in our study. However, if we are not able to form enough related groups we will use the secondary definition of friends to form the connected groups. All eligible participants will be paired into teams of 3 members that are connected and then will be randomized to participate individually in the control group, to a team with members that are randomly assigned and not connected to in the unconnected arm, or as the team of three connected members to the connected arm.
Enrollment: Participants will be required to speak English, provide informed consent without substituted judgement, have an email account, and have either a smartphone or daily access to a computer with internet.
Exclusion criteria:
Responding yes to at least one of the following questions will result in exclusion from our study: 1) Are you currently participating in any other physical activity studies? 2) Have you been told by a physician that you should not exercise? 3) Are you currently pregnant? 4) Have you had at least one fall with significant injury in the past year? 5) Have you had any surgical procedures in your legs that would prohibit you from being physically active? 6) Do you have any other medical conditions or other reasons why you could not participate in a 6 month physical activity program?
Trial Arms
1) Control (Arm 1): individual FHS participants who will not receive the social incentive intervention but will set a daily step goal and receive daily feedback on whether they achieved their goal or not.
2) Unconnected (Arm 2): FHS participants placed on a team of 3 randomly assigned and unconnected individuals who will set a daily step goal, receive daily feedback on whether they achieved their goal, and receive the social incentive intervention.
3) Connected (Arm 3): FHS participants placed on a team of 3 connected individuals who will set a daily step goal, receive daily feedback on whether they achieved their goal, and receive the social incentive intervention. 1, 2, and 3) a. During the 2 week run-in period, we will use the 2 nd week of step count data to calculate an individual's mean daily steps ignoring days on which values of less than 1000 steps are recorded (as these likely reflect not using the device rather than lower activity). All participants are given the option of setting their own daily step goal. We will suggest a goal that is 33%, 40%, or 50% higher than their baseline and inform them that 7000 steps/day is endorsed by the American College of Sports Medicine as being approximately equivalent to federal PA guidelines. 16 However, participants are able to set a goal of their choosing as long as it is at least 1000 steps higher than their baseline step count. 2 and 3) a. Participants will be asked to sign a pre-commitment contract to try their best to achieve their daily step goal. Their contract will be available for them to access via the online platform throughout the study. b. All participants will begin in the bronze level. Higher levels include silver, gold, and platinum.  At the end of the study participants in the gold or platinum level will get a modest prize of a coffee mug with the FHS logo. c. Each week, the team begins with 70 points (10 points for each day) d. Each day of the week, one member of the team is randomly selected as the representative for the team and the entire team is notified of the selection. If the selected person does not meet his/her step goal on the designated day, the team loses 10 points. e. Each team member has 5 "lifelines" for which they can request one of his/her team mates to represent the team instead of him/her on the designated day. The lifeline allows individuals that are sick, traveling or cannot reasonably meet their step goal from becoming discouraged and allows them to build upon team support by designating a "lifeline" member to take their place. f. If the team finishes the week with at least 50 points (i.e. met goal 5 of 7 days which is equivalent to federal PA guidelines 17 ) they move up a level (i.e. bronze to silver). If the team does not have at least 50 points, they move down a level. Bronze is the lowest level possible.
Intervention
1) 2-week run-in period and goal setting (Arms
2) Social incentive intervention design (Arms
3) Outcome
a. Primary outcome: proportion of days achieving their step goals over the entire 12-week intervention period.
b. Secondary outcomes:  Individual participant's mean daily steps during the entire 12-week intervention period adjusted for baseline step count, which is calculated using data from the 2-week runin period ignoring days with <1000 steps.  Proportion of participant-days achieving their step goals over the entire 12-week follow-up period.  Mean daily steps over the entire 12-week follow-up period adjusted for the baseline step count.
c. Steps will be tracked using the Moves smartphone application, which is free and available for iPhone or Android smartphone platforms. We will also offer a Fitbit to participants who do not have either iPhone or Android smartphone platforms but who want to participate in the trial and have an active email account. Both of these devices have been shown to accurately track step counts.
4) Safety endpoints
Participants will have the opportunity to report any adverse events continually through the course of the study. In addition, at the end of the intervention period (12 weeks) and the end of the follow-up period (12 weeks), we will ask participants to fill out a questionnaire that specifically asks whether they have sustained any injuries or hospitalizations. All participants with adverse events will be contacted by the study coordinator and the Adverse Event form will be filled out. The study PI will review these events within 7 days to determine whether any follow-up is needed. Along with safety endpoints, we will track drop-out rates and noncompliance with the PA monitoring devices (proportion of days with step counts <1000).
5) Exit interview
At the end of the intervention period and the end of the follow-up period, we will ask participants to complete a questionnaire on their experiences with the study.
6) Duration
d. 2-week run-in period e. 12-week intervention f. 12-week follow-up g. Total: 26 weeks
7) Statistical Analysis
Generalized linear mixed-models (via PROC MIXED in SAS) will be used to compare treatments on the primary endpoint using treatment as the fixed effect of interest, team as random effect, and baseline participant-mean daily steps and month the patient was randomized as additional fixed effects. An unstructured within-team correlation structure will be assumed. Of interest are the pairwise comparisons of connected arm vs. individual arm and the unconnected arm vs. the individual arm Data on a given day may be missing if a participant turns off his/her activity tracking device, disables the study team's permission before data is accessed, does not carry the activity tracking device at all. or prematurely withdraws from the study prior to the end of the 12-week treatment period. We will track which days each participants has missing data during the intervention and follow-up period for all study arms. We will conduct multiple imputation using five imputations to impute missing data. All analyses will be conducted on each imputed data set and the results will be combined using Rubin's standard rules. 18 The primary analyses will be based on the multiply imputed data. Sensitivity analyses will be performed where the proportion of days achieving goal is calculated based on non-missing days.
A priori, we estimated that a sample of at least 414 participants (138 per arm) would ensure 80% power to detect a 15% minimum difference between Arm 1 and Arm 2, and Arm 1 and Arm 3 (2 comparisons), using a conservative Bonferroni adjustment of the Type I error rate using a 2-sided of 0.025 and assuming an 8% dropout rate. The comparison between Arm 2 and Arm 3 will be a secondary analysis.
Safety outcomes will be evaluated at the end of the 12-week intervention period and the end of the 12-week follow-up period. Our DSMB will review blinded safety data stratified by study arm after the first 100, 200, and 438 participants havev completed the first 12-weeks of the trial. We will compare rates of safety outcomes across all 3 trial arms in a blinded fashion using chisquare and t-tests. We will also compare drop-out rates and PA tracking device compliance.
8) Participant Burden
h. This will be a remote enrollment study. Participants will be contacted via email and will have the option to ask a recruiter questions about the study by email or by phone. Once participants agree to participate, they will obtain an account on the Way to Health platform and complete an online consent and follow the prompts to download the Moves app. Participants using the Fitbit instead will be mailed their Fitbit and will configure it at home. They will have the option to call the study recruiter for device set-up support. We estimate that enrollment and setup will take no more than 30 minutes.
i. Participants may choose to receive study communications via email, text message, or interactive voice recording and will receive about 2 daily messages during the 12-week intervention period. An example text message for all groups is "Congratulations! You achieved your daily step goal of X." In the intervention arms, participants will get a second message related to the intervention: "You have been selected as the representative for your team today. To earn 10 points, please make your step goal of X." In addition, at the end of each week, team members will receive a message letting them know how the week went. An example message is as follows: "This week, your team achieved its goal 5/7 days. You earn 50 points and advance to the silver level!" We anticipate receiving study communications will take 30 seconds/day per message.
j. Total burden: 30 minute enrollment + 180 messages X 30 seconds each = 120 minutes total over 6 months
9) DSMB
Although NIH and FDA guidelines do not mandate a DMSB in this setting, we have convened a DSMB for oversight. The DSMB consists of Benjamin M. Scirica MD and Judith Long MD. We will meet with our DSMB members before submission of documents to the IRB, at the end of the intervention period (3 months), and at the end of the follow-up period (6 months). 
